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HAXIOSAL ASTISOST C0MMITTZ2 ITOB ADHONAUTICS 



THBOBHTICAL DISTRIBUTION OT LOAD 
07SB A SVSFT-BACE VI ■ 
By Dorla Cohen 



SUMMA2T 



The load over an elliptical wing with 30° aveephaok 
hae l>een calculated hy a method, haeed on vortex theory, 
which takes account of the chordwlee dletrlhutlon of- llftj- 
ing area. The theory Indioatee a 14-peroant loss In to- 
tal lift duo to the introduction of eweephaok, with the 
greatest loss taking place nt the center of the span. An 
increaao In conoentration of load at the tips Is also In- 
dicated. The results are conparidd with results previous- 
ly ohtalned "by somewhit simpler onloulatlons hased on the 
asBumptlon of a slnglo lifting vortex. 



iriEODUOTIOl? 



Until recently, theoretical treatnonts of the offoct 
of sweephack on tho aorodynamlo characteristics of a wing 
have failed to oonslder any deviation of the span loading 
from that of the corresponding straight wing. In a recent 
report (reference l), the load over a swept-haok wing Is 
determined hy considering the effect of a lifting line at 
the quarter-chord line of the wing on the flow at the 
three-quarter-chord line. A method of load determination 
has since heen developed (reference 2) that takes Into 
'account the continuous ohordwlse distribution of lift. 
Application of this more accurate method to the case of a 
swept-haok wing Indicated (see reference S) that the In- 
troduction of Bweephack causes the lift qt the center to 
fall considerably below that of the corresponding wing 
without swoepback. Tho calculations of reference 1 did 
not show this effect. Further calculations were therefore 
undertaken to determine the correct load distribution, 
with special attention given to the load at the middle of 
the span. The calculations were made for the case of a 
wing of aspect ratio 6 with an elliptical distribution of 
chord, the center line of which Is swept back 30 . 
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The results olitalned f^re oompared with the data of 
reference 1. 



MSTHOD OF 03TAINIir& THE LITT DISTRIBUTIOE 



The method of calculation of the lift distribution, 
described in detail In reference 2, consisted In replac- 
ing the wing and its wake by a continuous distribution of 
Tortlces and computing the Induced vertical velocities 
caused "by this vortex system at several points on. the vlng. 
It Is evident that, In order to satisfy the boundary con- 
dltlonSf the Induced velocities must be proportional to 
the slope of the surface at these points and« In particu- 
lar, for r\ flat surface they must all bo equal, Tho vor- 
tlcos coincide with the contour linos of the circulation 
function Ti which; In turn, is obtained by Integrating 
tho lift back along the chord from tho leading edge. 

Points for which the downwash was calculated were 
taken along tho quarter-chord line and the three-quarter- 
chord line, at the center section and at 30, 60, and 86«7 
percent of the semispan. The lift distribution derived 
from tvo-dlmenslonal theories resulted In a linear varia- 
tion of downwash along the three-quarter-chord line ex- 
cept for a discontinuity at the center, where the downwash 
was infinite. A second approximation, designed to elimi- 
nate the peak In the downwash at the center, proved to be 
too far in the other direction. A third approximation 
gave again a linear variation of downwash, but with slight- 
ly lower values at the center than at the tip. Values for 
the quarter-chord points obtained for this same lift dis- 
tribution fell along a line parallel to that for the 
three-quarter chord and approximately 8 percent below it. 
This result indicates a small amount of camber, about 
equal to the averago camber of the straight elliptical 
wing used for comparison, but in any caso negligible. It 
was assumed that intorpolat 1 on between the third load dis- 
tribution and the first (two-dimensional) approximation, 
at the same angle of attack, would be a fairly accurate 
solut-ion to the problem, especially since the third ap- 
proximation was already a close one. The curvos presented 
are the result of this interpolation. 



• EBSULTS AlID.,DISC.U.SSI.Oir 



I'l^re 1 Bhows the complete configuration of TortloeB 
determined for a flat, swept-linolr wing without thlolsneBa. 
The vorter lines were derived from the lift dlatrlhutlon 
in such a way that ndjacent lines enclose a fixed amount 
of lift; the oonoentratlon of lift in any region 1b there- 
fore proportional to the density of the linea. She entire 
pattern 1b Independent of nngle of attack, except na the 
1)asic theory brealca down at large anglea Of attack. 

In figure 3 la ahown the apnn loading derived for the 
elliption,l wing with 30*^ swsop'baolc. Iho caloulnted load 
la compared with the elliptical load, wnleh hna heon ahown 
(reference 2) hy the a^ine method to 'be a reaaona1)lt accu- 
rate asBunptlon for an elllpticpl wing with no swoophack. 
At the same angle of attnek of the two winga, meaaured In 
accordance with thn thin-wing-aoction theory hy the alope 
fit the throe-quprt arwohord lino, tho aro.i undor the curve 
for ewoephack la 83 percent of that under the ollipao, 
indicating a loaa, due to the introduction of aweephack, 
of 14 porcont of tho tot;il lift. This ropult la twico 
that ohtainod "by Mutterperl for an p.lrfoil of conatnnt 
chord (referenoe l), uain^f; roctilinoar vortieea conoon- 
trated on the quarter-chord line. 

The effect of aweepback on the spanvlse variation of 
the lift, indicated by the curvea drawn for the aame to- 
tal lift, la in general the aaae aa ia given hy Kutterperl 
simplified treatment, except for the pronounced falling 
off of lift at the center. Because Mutttrrperl ohoae hia 
downwaah point a at 50 percent of the aemiapan and heyond, 
no -oompariaon of the reaults at the oentor Is poaaihle . 
The present method ia, howover, ccnsiderod to he particu- 
larly valid In that region. 

The preaont calculationa are made for elliptical 
wings. In Mutlarperl ' a work and in the exporimenta avail- 
able for compariaon, wings with conatant chord dlatrihu- 
tlon or straight taper wore considerod. In seme toata 
(references 3, 4, and 5) the awoephack was effected by ro- 
tating the wing about an axis In tho piano of aymmetry, 
thuB changing the aeotien profllo in the dlrootlon of the 
air atream aa woll as tho chord distribution. Thus, no 
real -check of tho theory is available. 



Tho following table la a summary of portinont test 
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data on the Icbb In total lift due to the Introduction of 
Bweep'back. Tho valuee tabulated glTo the total lift cn 
the Bvropt-'back wings, ezproaeod as fracblons of tho lift 
on the corresponding straight vlngs. Theoretical values 
for the total lift for other than 30 svoepback were ob- 
tained by interpolation, on the assumption that the lift 
varies as the cosine of the angle of sweophack. 



of 

Bweep- 
hack 
(deg) 


Thooretical values 


Exjjerimeutal data 


Theory of 
reference 1 
(ractcnguleir 

chord 
distribution) 


Theory of 
reference 2 
(elliptical 

chord 
distrl'oiitlon) 


Talus 


lieisarks 


Reference 


20 


0.97 


o.gij- 


o.ss 


Sllf^itly rovjidod 
tips 


3 


23 




.92 




.91 


Aspect ratio, 8.3 


7 


27* 




.39 




.96 


No tip fairings; 
2:1 taper 


8 and 9 


30 


.9^ 


.35 


- 


'.S7 
.83 

L 


ISo tip falrlnjjs 

Corrected for 
cspcct ratio 
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Unless othervlso sotsd, tho wings were of constant 
chord and aspect ratio 6. The reason for the discrepan- 
cies among the test results is not undorstood, but it is 
possible that differences in pl-in form Introduce first- 
order effects not predictable by potential-flow theory. 



Pressure-distribution tosts have been npde by Znlght 
and Noyes (references 3 and 6) on rectangular wings with 
20° swoepback. ITo moasuroinont s woro uade over tho contral 
35 percent of tho span, ho'-rovcr, vhero tho chief offoct 
of tho swcopback Is to bo oxi:octed. The inconpletoness of 
tho exporimonts, combined with tho distortion of the chord 
distribution and of the section profiles introduced with 
the aweepback, makes the dnta unsatisfactory for chocking 
the present results. iSrporimentnl verification of the 
dropping off of tho lift in the contor is thorefore still 
needoda 
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coHGLusiira bsmabks 



' ' Th'o' of f eot 8 of avoeplsaok ' BHovn 1)7' th'e proeent analy- 
bIb are similar to those shown In reference 1: Sveep- 
bftcfc promotoB highor oonoentrat Ion of load at the vlng 
tips and reduces the total lift for a given angle of at- 
tack. The thooretioal reduction of lift In the case of an 
elliptical chord dlstrlljutlon, aspect ratio 6, emd 30° 
Bweephack amounts to 14 percent of the load for the straight 
wing. This loss, which Is a'bout twice as large as would be 
expected from reference 1, results from a pronounced reduc- 
tion of the load carried at the center of the wing, a fac- 
tor which was not covered by the calculations of the refer- 
ence. Available experimental data on sweepbaok are not 
considered to provide a ooncluslve oheok of the results 
presented. The accuracy of the theory should be checked 
by further testst especially pressure-distribution measure- 
ments to detprmlno whether or not the large loss of lift 
near the center actually occurs. 



Lpngley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautlcsi 
Lnngley Field, 7a. 
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Tlgiire 1.- Dlstri^tlon of Tortlclty or circulation over elliptical wing, A = 6, svept back 

30°. Density of the contour linos Indlcatos concentration of lift. !I!!he nomberB ; 
refer to the Talue of the cireolatlon function F. 
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Tlgare 2.- Spaiir-load ciunros for a wing vlfa elliptical chord dletrilntioin, Bhoiring the effects 
of 30° sireeptedc. 
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